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Reports 


An Investigation of X Radiation from Color Television Receivers 


in Suffolk County, New York 


Seymour Becker! 


The results of an investigation of color television receivers at the homes of 
6,482 residents in Suffolk County, who requested a radiation inspection after 
publication of the proposed study in the newspapers, is presented. 


The survey consisted of two parts: 


1. an investigation of only General Electric color television sets from July 


1967 through August 1967; and 


2. a radiation inspection of General Electric and 39 other types of television 
receivers requested by owners from January 1968 to December 31, 1969. 

X-radiation emissions were detected in 37 of the 40 name brands of color 
television sets checked. Over 1,000 (16.2 percent) color television sets emitted 
x radiation above the NCRP recommended guides. The x-ray emissions ranged 
above 0.5 mR/h to 150 mR/h at 5 cm from the television set. 

X-radiation emissions were reduced to the natural background of the home 
by adequate modification and adjustment of the television components. 


During the summer of 1967, the Surgeon Gen- 
eral’s office of the United States Public Health 
Service issued a public statement that General 
Electric (G.E.) color television receivers were 
suspected of emitting x radiation at levels higher 
than desirable. 

As a result, an investigation by the Suffolk 
County Department of Health (SCDH) was com- 
menced in Suffolk County to locate the G.E. 
color television sets. At the time of the inspection 
a spot check of other television manufacturers’ 
sets was conducted. It was found that other 
brand-name color television receivers also emitted 
levels of x radiation above the recommendations 
of the National Council on Radiation Protection 
and Measurements (NCRP). 

In 1959, the NCRP had released a statement 
concerning x rays produced in home television 
receivers. In part the statement reads: 


“To insure that the television contribution to 
the population gonad dose will only be a small 
fraction of that due to natural background 
radiation, the NCRP recommends that the 
exposure dose rate at any readily accessible 
point 5 ecm from the surface of any home 


! Mr. Becker is chief, Radiation Control Unit, Division 
of Environmental Health, Suffolk County Department of 
Health, Riverhead, N.Y. 


April 1970 


television receiver shall not exceed 0.5 mR/hr 
[sic] under normal operating conditions.” 


Due to a limited staff at the SCDH, priority 
was given to inspection of G.E. color television 
sets only. With the cooperation of representatives 
from the G.E. regional office in Suffolk County, 
the investigation revealed that 87 of the nearly 
500 G.E. color television sets checked required 
modification for compliance with the NCRP guide- 
lines. Since the percentage of noncomplying G.E. 
color TV receivers was significant (17.4 percent), 
the Commissioner of Health, as well as the Di- 
rector of the Division on Environmental Health, 
decided that, as a service to Suffolk County 
residents, the color television set survey should 
continue and include all makes of color television 
sets. 


Description of survey 


In order to facilitate locating the color television 
sets in Suffolk County, a press release was sent to 
all local daily and weekly newspapers and to radio 
stations. A statement was made that any owner 
of a color television set should contact the SCDH. 
Within the first weeks of the public announce- 
ment, approximately 3,000 requests by telephone 
and mail were received from Suffolk County resi- 
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dents and from residents of neighboring areas 
(Nassau County, New York City, and West- 
chester County). Calls from outside Suffolk 
County were referred to the Department of Health 
having jurisdiction. 

Representatives from the Bureau of Radio- 
logical Health (BRH) of the U.S. Public Health 
Service (PHS) visited the Suffolk County De- 
partment of Health at the request of SCDH to 
determine if the detecting instruments used were 
consistent with those of the PHS. A random 
survey was made throughout the county, and the 
representatives acknowledged that the detecting 
instruments used by the local health unit (Vic- 
toreen 440 R.F. and Victoreen G.M. counter- 
open-window probe 1B85) were suitable for the 
detection of low energy x radiation. 

The requests from Suffolk County television 
set owners were listed by towns (there are ten 
towns in the county) in order to simplify the 
scheduling of inspections. Commencing in Janu- 
ary 1968, a visit to each television set owner who 
had requested inspection of his set was arranged. 
A telephone call was made on a day-by-day sched- 
ule by the SCDH to the television set owner 
listed for an appointment. Initially, an average of 
18 visits was made daily, decreasing as requests 
for this service tapered off. At each inspection, the 
owner of the television set was requested to turn 
the set on, move the set if necessary to facilitate 
testing and upon completion of the inspection, 
turn the set off. The detecting probe scanned the 
television cabinet approximately 5 cm from the 
surface of all accessible areas (including under the 
set). When the detecting instrument indicated net 
readings of 0.5 mR/h or above, the owner of the 
television set was informed. Any discussion of 
possible radiation hazards was discouraged since 
the function of the survey was to find out if the 
television set was in compliance with the NCRP 
recommendations. However, as a precautionary 
measure, in accordance with PHS recommenda- 
tions, a suggestion was made to the television set 
owner to see that he and his family sit at least 6 
feet from the sides or front of the set when viewing 
television programs. 

The manufacturer or a local television service- 
man was then notified of the significant findings 
by a representative of the SCDH or the owner 
of the television set. Generally, an authorized or 
independent television serviceman or the manu- 
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facturer’s representative, accompanied by an 
electronics engineer, was dispatched to service the 
set. When the cause of the x-radiation emissions 
was determined and corrected, the detecting equip- 
ment on a resurvey would indicate levels of radi- 
ation at natural background. 

As of December 31, 1969, 6,482 color television 
sets had been inspected (table 1). Approximately 
16.2 percent of the receivers checked were found 
to be emitting x radiation above the NCRP 
recommendations. 

The general causes of the x-radiation emissions 
from a color television set were: 

1. manual manipulation of the high voltage 
control on the high voltage shunt regulator tube; 

2. anode and cathode components of the high 
voltage shunt regulator tube not properly aligned, 

3. replacement of a high voltage shunt regulator 
tube with another unaligned tube by the tele- 
vision serviceman. On most initial inspections 
and on re-inspections by representatives of the 
SCDH, it was learned from the television service- 
man that he did not use a voltmeter. Therefore, 
he would automatically replace the high voltage 
shunt regulator tube. In some revisits, the in- 
vestigators found a higher x-radiation leakage 
after the service adjustments had been made. 
Further investigation revealed that in most cases 
a faulty 6BK4 high voltage shunt regulator tube 
had been installed by the television serviceman; 

4. defective high voltage rectifier tube; 

5. circuit failure caused by a breakdown of the 
capacitor in the high voltage regulator component; 

6. defective resistor component which caused 
the high voltage regulator to function improperly; 

7. connector to the high voltage shunt regulator 
tube’s positive terminal not affixed properly; 

8. defective power transformer causing malfunc- 
tion of other components which emitted x rays; 

9. high voltage cage not grounded causing mal- 
function of other components; 

10. ground strap on yoke of picture tube not 
installed properly causing malfunction of other 
components; 

11. increase of outside line voltage; 

12. cathode-ray tube lacking adequate shielding; 

13. shielding on the high voltage cage not in- 
stalled; 

14. failure of serviceman to meter and adjust 
the high voltage upon installation of the sets in 
the consumer’s home; and 
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Table 1. Results of color television receiver inspections 


Number of television receivers with an exposure rate before corrections at 5 cm from surface of 


Color television receiver 

(brand or manufacturer) 
<0.5 
mR/h 


Admiral_ 

Ambassador (Emerson) 
A.M.C. (A&S) 

Andrea 

Arvin 

Clairtone 

Cornelia 

Curtis Mathes 
Delmonico 

Dumont 

Emerson 

General Electric 
Grants Bradford 
Heathkit 

Hitachi 

Hoffman 

JVC... 

Macy’s Supre-Macy 
Magnavox__ 
Montgomery Ward Airline 


DD CO OO RS NS Cre 


Motorola_ 

Muntz 

Olympic __- 
Packard Bell 
Panasonic 
Penny's Penncrest 
Philco_ 

RCA 

Sears /Japanese___ 
Sears /Silvertone 
Setchell Carlson 
Sharp- 

Singer___- 
Sylvania 
Symphonic 
Telefunken 
Truetone (Spiegel) 
Toshiba 
Westinghouse 34 | 
Zenith 963 | 


UW we ND 


PONNNKtwonn 


Grand total__- 5,429 


15. the three color electron guns not operating 
independently of each other. X radiation had been 
detected when the colors were faded out and more 
white than other colors was visible at the viewing 
area. 

During the initial phase of the investigation, a 
record was kept of the model number, date of 
purchase, size of screen, and type of cabinet 
(wood or metal) of each receiver. Shortly after the 
investigation began, this procedure was terminated 
because x radiation had been detected beyond the 
measured distance recommended by the NCRP 
guidelines regardless of model, age of set, screen 
size, or type of cabinet, if any of the previously 
listed causes were present. 

If the high voltage was determined by the 
serviceman to be above 30,000 volts, x radiation 
was detected emanating from various parts of the 
television set, front, top, back, sides, and under- 
neath. On most of the television receivers pro- 
ducing exposure rates above 10 mR/h at 3 to 6 
inches from the receiver surface the TV serviceman 
reported high voltage readings above 30,000 volts. 


April 1970 


>0.5- <1.0 
mR/h | mR/h mR/h mR/h 


television set of :# 


1.0- <10.0 10-<16 | >16 Total 
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a 16.2 percent of television receivers were above the recommended NCRP guidelines as of December 31, 1969. 


At the request of an Air Force Base, a 
check was made on television sets on the base that 
had been purchased outside Suffolk County. The 
investigation of these sets revealed causes of x ray 
emission similar to those found in television sets 
purchased in Suffolk County. 


Summary 


Representatives of the Suffolk County De- 
partment of Health visited homes of 6,482 own- 
ers of color television sets in the county. X- 
radiation emissions were detected in 37 of 40 name 
brands of color television sets checked. Over 1,000 
(16.2 percent) color television sets emitted x 
radiation above the NCRP recommended guide- 
lines. The x-ray emissions ranged above 0.5 mR/h 
to 150 mR/h at 5 em from the television set. Five 
hundred and sixty-two color television sets emitted 
x rays above 0.5 to less than 1.0 mR/h, 451 
color television sets emitted x rays from 1.0 to 
less than 10.0 mR/h, 27 color television sets 
emitted x rays from 10 mR/h to less than 16 mR/h, 
and 13 color television sets emitted x rays in the 
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range of 16 mR/h to 150 mR/h. Those color tele- 
vision sets that emitted x radiation above 10 mR/h 
at 5 em were observed to have a high voltage 
of more than 30,000 volts on a calibrated voltmeter. 

The outstanding causes of x-ray emissions were 
improper adjustments of the high voltage control 
which caused the voltage to exceed the factory 
specifications, faulty high voltage shunt regulator 
tube, and replacement of one faulty high voltage 
shunt regulator tube with another faulty one by 
the television serviceman. X-radiation emissions 
were reduced to the natural background of the 
home by adequate modification and adjustment 
of the television components. 
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Strontium-90 in Human Bones in the United States, 1962-1966 


E. J. Baratta, E. S. Ferri,' and M. A. Wall? 


The Bureau of Radiological Health has been conducting a continuous in- 
vestigation of strontium—90 in human bones since late 1961. Autopsy specimens, 
mostly vertebrae, were collected by pathologists, medical examiners, and 
coroners in selected areas throughout the United States. The population of in- 
terest consisted of children and young adults up to 25 years of age. Samples 
were collected from areas around six principal cities: Atlanta, Boston, Cincin- 
nati, Los Angeles, New Orleans, and Seattle. 

From 1962 through 1966, over 1,600 specimens have been analyzed. The 
specimens were grouped and analyzed according to age and year of death. A 
review of the data shows that peak strontium—90 levels occurred in most age 
groups during the years 1963 and 1964. Decreasing values approaching those 
of 1962 are shown in analyses for 1966. A histogram of the frequency distribu- 
tion for 1966 displays a slightly positive skewness which, when plotted, indi- 
cates a log normal distribution consistent with earlier observations on bio- 


logical specimens. 


Since late 1961, the Bureau of Radiological 
Health has conducted a program for the determin- 
ation of strontium-90 in human bones (1-4) 
similar to the one previously conducted by Kulp 
(5) in 1961. The population from which bone 
samples are obtained is composed of individuals 
under 25 years of age, thereby including the age 
group whose bones are being formed at the fastest 
rate. This report summarizes the data for 1962 
through 1966. The specimens are normally ob- 
tained from accident victims, but some are 
selected from those who have died from other 
causes. All specimens are selected to exclude those 
whose history reflected a calcium deficiency. 

The samples are collected principally from areas 
around six cities: Atlanta, Ga.; Boston, Mass.; 
Cincinnati, Ohio; Los Angeles, Calif.;: New Or- 
leans, La.; and Seattle, Wash. (figure 1). The areas 
also include other cities and towns in the United 
States. Over 1,600 bone specimens collected from 
1962 through 1966 have been analyzed. 

Samples normally collected are vertebrae or 
ribs as these specimen types are readily obtainable 
on autopsy. Specimen collection is made possible 
through the cooperative efforts of pathologists 
in various hospitals throughout the country. 


‘Northeastern Radiological Health Laboratory, Win- 
chester, Mass. 01890. 

2 Mrs. Wall is now with the Materials Research Command, 
U.S. Army, Natick, Mass. 
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Analysis 


Prior to 1963, the samples were analyzed by a 
procedure similar to Volchok’s (6). Since 1963, 
the analytical methods used are those presented 
by Baratta and Ferri (7) and Magno, Baratta, 
and Ferri (8). A number of human bone samples 
were analyzed by both methods, and an analysis 
of variance of the data showed no significant 
difference between the results of the two methods. 

For purposes of maintaining analytical quality 
control “‘blind’”’ duplicate analyses are performed 
on 10 to 20 percent of the samples. In addition, 
“spiked’”’ synthetic bone ash samples are analyzed 
routinely. A cross check program with the Health 
and Safety Laboratory of the Atomic Energy 
Commission was conducted monthly. Results 
for this program over the past 2 years show satis- 
factory agreement between the two laboratories. 


Discussion 


Table 1 lists the levels of strontium-90 in human 
bone in pCi “Sr/g Ca for the years 1962 through 
1966. The age groups are broken into 0-5 months, 
1 year, 2, 3, 4, 0-4, 5-9, 10-14, and so forth. The 
data indicate that the levels of *Sr/Ca in pCi/g 
in most of the age groups reached a peak in 1963 
to 1964. This was expected, since strontium-90 in 
fallout from above ground nuclear tests of 1961 
and 1962 reached its peak in air and milk in 1963 
and 1964. 


















































Figure 1. Human bone sampling locations 


The median strontium-90 to calcium ratio plotted 
against age and year of collection is shown in 
figure 2. It can be noted that, in general, the 
strontium-90 to calcium ratios for bones collected 
in 1966 approached the levels found in bones col- 
lected in 1962. The strontium-90 to calcium ratio 
found in bones of the 0-4 year age group collected 
in 1966 is approximately the same as the levels 
found in bones collected in 1965, with the excep- 
tion of the 2-year-old children. The 1963 and 1964 
ratios of strontium-90 to calcium appear to be 
similar to each other for all age groups. Also 
similar are the strontium-90 to calcium ratios 
for 1965 and 1966, with the exception of the al- 
ready noted difference. The strontium-90 to 
calcium ratios for bones collected in 1962 were 
generally lower than those for the other years. 

The data for the earlier years, up to 1965, have 
been compared previously with the data from 
Germany, England, and the U.S. Atomic Energy 
Commission in the 0-4 and 5-19 age groups (3,6, 
9-12). The values are not dissimilar when allowing 
for differences in sampling techniques and geo- 
graphic locations. 

As in previous reports for 1962 to 1965 (1-4), 
the data were compared with Federal Radiation 
Council’s (FRC) Radiation Protection Guides 
(RPG). FRC Report No. 2 (13) presents three 
ranges of radionuclide intake for guidance during 
normal peacetime operations. For strontium-90, 
the FRC Report stated that a continuous intake 
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Figure 2. Plot of median strontium-90 to calcium ratio 
versus age by year of collection 


of 200 pCi/day over a period of 1 year would cor- 
respond to 14 of the Radiation Protection Guide 
(0.17 rad/a) to mineral bone for a suitable sample 
of an exposed population. This would result in 
an average skeletal concentration in the exposed 
population of one-fourth of that in the diet (50 
pCi/g Ca). The FRC Report No. 7 (14) presented 
a more detailed discussion on dosimetry considera- 
tions. It stated that 1 nCi of strontium-90/g of 
calcium in adult bone would result in a dose of 
2.7 rad/a to the mineral bone. Therefore, the con- 
centration corresponding to 14 of the RPG (0.17 
rad/a) would be 63 pCi “Sr/g Ca. This report 
also states that dose to mineral bone of the fetus 
and infant may be one-half that of the adult value 
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Table 1. Strontium-90 in human bones by year of death and age in the United States 


Strontium-90 to calcium ratio 
Age (pCi/g) 
(years) 


1962 1963 ' 1964 965 1966 


to 
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® Includes age group 0 to 5 months. 
» Upper left number is the median. The number in parentheses indicates the number of samples. The lower 
numbers are the minimum and maximum values which embrace 68 percent of the samples in that group. 


because of less mineral content and less absorp- cent value decreased in 1965 to 4.0 pCi “Sr/g Ca 
tion of available beta-particle energy, resulting and decreased again to 3.5 pCi Sr/g Ca in 1966. 
in a concentration of 126 pCi/g Ca corresponding These data are in agreement with the previously 
to 0.17 rad/a. observed trends. A log probability plot for the 

The highest single value measured for an in- year 1966 is shown in figure 3 by age groups. These 
dividual in the 0-4 age group in 1962 was 10.8 data are normally distributed as in previous years 
pCi Sr/g Ca. In 1963, the highest single value (2-4) and as originally reported by Kulp (5) for 
was 9.95 pCi “Sr/g Ca for this age group. The _ biological materials. Figure 4 shows a histogram 
value was 14.6 pCi *Sr/g Ca for 1964. The values of the frequency distribution for the year 1966, 
for 1965 and 1966 were 11.7 and 9.6 pCi ®Sr/g Ca. | showing a slightly positive skewness. 
These data for individuals, with the single excep- 
tion in 1964, were within the guides corresponding | i oe ee oe oe ae ae ae 
to Range I. The average values within the five age 
groups for all years (1962-1966) also reveal that 
the Range I was not exceeded. Because of un- 
avoidable deficienceis in the sampling programs, 
especially lack of samples in certain regions for 
some of the years, no definite inferences on popu- 
lation average values could be made. 

The percentile distribution of the samples by 
strontium-90 to calcium ratio and year are as 
follows: In 1962, 84 percent of the samples ana- 
lyzed contained 3.0 pCi Sr/g Ca or less. In 1963, 
85 percent of the samples were equal to or less tient aes 
than 4.0 pCi “Sr/g Ca, and in 1964, the 85 percent oe ree ee , - 
value had risen to 5.0 pCi “Sr/g Ca. The 85 per- — pe Nh pec sy ag eles oe 
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Figure 4. Frequency distribution strontium-90 to 
calcium ratios for 1966 


Summary 


From 1962 through 1966, over 1,600 human 
bone specimens were analyzed. The specimens 
are grouped and analyzed according to age and 
area of residence. A review of the data shows 
that peak strontium-90 levels occurred in most 
age groups during the years 1963 and 1964. The 
strontium-90 to calcium ratios began decreasing 
after 1964 and in 1966 approached those of 1962. 
A histogram of the frequency distribution for 


1966 displays a slightly positive skewness which, 
when plotted, indicates a log normal distribution 
consistent with earlier observations on biological 
specimens. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, December 1969 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the bio- 
logically important radionuclides that may be 
released to the environment from nuclear activi- 
ties. In addition, milk is produced and consumed 
on a regular basis, is convenient to handle and 
analyze, and samples representative of general 
population consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtaining 
information on current radionuclide concentra- 
tions and long-term trends. From such informa- 
tion, public health agencies can determine the need 
for further investigation and/or corrective public 
health action. 

The Pasteurized Milk Network, (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Foods, Pesticides and Product 
Safety, Food and Drug Administration, U.S. 
Public Health Service, consists of 63 sampling 
stations; 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone. Many 
of the State health departments also conduct local 
milk surveillance programs which provide more 
comprehensive coverage within the individual 
State. Data from 15 of these State networks are 
reported routinely in Radiological Health Data 
and Reports. Additional networks for the routine 
surveillance of radioactivity in milk in the Wes- 
tern Hemisphere and their sponsoring organiza- 
tions are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service) - 5 sampling stations 

Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare) - 16 sampling stations 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data 
and Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, the 
present format integrates the complementary data 
that are routinely obtained by these several milk 
networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
occur in or are formed as a result of nuclear fis- 
sion become incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by the 
selective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs na- 
turally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a means 
for assessing the biological behavior of metaboli- 
cally similar radionuclides (radiostrontium and 
radiocesium, respectively.) The contents of both 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. 
These estimates along with the guidance developed 
by the Federal Radiation Council, provide a basis 
for evaluating the significance of radioactivity in 
foods and diet. 


Program 
California Diet Study 
Radionuclides in 
Institutional Diet Samples, PHS 
Strontium—90 in Tri-City 
Diets, HASL 
Connecticut Standard Diet 


April 1970 


November 1967-September 1968 
April-June 1969 
August-December 1968 


July-December 1968 and 
January-June 1969 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows: 


Period reported Issue 


May 1969 





January 1970 
December 1969 


February 1970 





3. Mexican Air Monitoring Program 
September and October 1969 


National Commission of Nuclear Energy 


México, D.F. 


The Radiation Surveillance Network of Mexico 
was established by the Comisién Nacional de 
Energia Nuclear (CNEN), México, D.F. From 
1952 to 1961, the network was directed by the 
Institute of Physics of the University of Mexico, 
under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new Radia- 
tion Surveillance Network. In 1966, the Division 
of Radiological Protection was restructured and 
its name changed to Direccién General de Seguri- 
dad Radiolégica (DRS). The network consists of 
16 stations (figure 4), 11 of which are located at 
airports and operated by airline personnel. The 
remaining five stations are located at México, 
D.F.; Mérida; Veracruz; San Luis Potosi; and 
Ensenada. Staff members of the DRS operate the 
station at México, D.F., while the other four sta- 
tions are manned by members of the Centro de 
Prevision del Golfo de Mexico, the Chemistry 


Department of the University of Mérida, the 
Institute de Zonas Desérticas of the University of 
San Luis Potosi, and the Escuela Superior de 
Ciencias Marinas of the University of Baja Cali- 
fornia, respectively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency, 6 by 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at the 
rate of 1,000 cubic meters per day using high 
volume samplers. 

After each 20-hour sampling period, the filter 
is removed and shipped via airmail to the Sec- 
cidn de Radioactividad Ambiental, CNEN, in 
México, D.F., for assay of gross beta radioactivity, 
allowing a minimum of 3 or 4 days after collection 
for the decay of radon and thoron daughters. 
The data are not extrapolated to the time of col- 
lection. Statistically, it has been found that a 
minimum of five samples per month was needed 
to get a reliable average radioactivity at each 
station (6). 

The maximum, minimum, and average beta 
radioactivity in surface air during September and 
October 1969 are presented in tables 3 and 4. 
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Figure 4. Mexican air sampling locations 


Radiological Health Data and Reports 





Table 3. Mexican gross beta radioactivity of airborne 
particulates, September 1969 


Gross beta radioactivity 
Number (pCi/m*) 
Station of 
samples 


Maximum | Minimum | Average 


Acapulco 
Chihuahua 
Ciudad Juarez 
Iensenada 


Guadalajara 
Guaymas 
La Paz 
Matamoros 


Nuevo Laredo 


San Luis Potosi 
Tampico 
Torreon 
Veracruz 


NS, no sample, station temporarily shutdown. 


Table 4. Mexican gross beta radioactivity of airborne 
particulates, October 1969 


Gross beta radioactivity 
Number (pCi/m*) 
Station of 

samples 


Maximum | Minimum Average 


Acapulco 
Chihuahua 
Ciudad Juarez 
e-nsenada 


<0. 
<. 


Guadalajara 
CGuaymas 
La Paz 
Matamoros 


Mazatlan 
Mérida 
México, D.F. 
Nuevo Laredo 


San Luis Potosi NS 
Tampico NS 
Torreén 17 
Veracruz NS 


NS, no sample, station temporarily shutdown. 





4. Pan American Air Sampling Program 
December 1969 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist PAHO- 
member countries in developing radiological 
health programs. 


The air sampling station locations are shown in 
figure 5. Analytical techniques were described in 


Table 5. Summary of gross beta radioactivity in Pan 
American surface air, December 1969 


Gross beta radioactivity 
Number (pCi/m*) 
Station location of 
samples 


Maximum | Minimum | Average* 


Argentina: Buenos Aires 2 .16 0.05 0.09 
Bolivia: La Paz 15 .O1 .08 
Chile: Santiago ‘ .17 .03 .09 
Colombia: Bogota y 0: .00 .02 
ecuador: Cuenca ‘ty 

Guayaquil 

Quito , Ol .O1 
Guyana: Georgetown iS 

Jamaica: Kingston 7 » .O1 .06 
Peru: Lima | NS 

Venezuela: Caracas { .10 .00 .03 
West Indies: Trinidad j .04 01 .02 


Pan American summary 26 0.17 0.00 0.06 


« The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m* are reported 
and used in averaging as 0.00 pCi/m*. 

NS, no sample. 
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in the January 1968 issue of Radiological Health 
Data and Reports. The December 1969 air moni- 
toring results from the participating countries 
are given in table 5. 
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Figure 5. Pan American Air Sampling Program stations 


205 





REFERENCES 


(1) BIRD, P. M., A. H. BOOTH, and P. G. MAR. Annual 
report of 1959 on the Radioactive Fallout Study Program, 
CNHW-RP-3. Department of National Health and 
Welfare, Ottawa, Canada (May 1960). 

2) BIRD, P. M., A. H. BOOTH, and P. G. MAR. Annual 
report for 1960 on the Radioactive Fallout Study Pro- 
gram, CNHW-RP-3. Department of National Health 
and Welfare, Ottawa, Canada (December 1961). 

(3) MAR, P. G. Annual report for 1961 on the Radioactive 
Fallout Study Program, CNHW-RP-5. Department of 
National Health and Welfare, Ottawa, Canada (December 
1962). 


(4) BEALE, J. and J. GORDON. The operation of the 
Radiation Protection Division Air Monitoring Program, 
RPD-11. Department of National Health and Welfare, 
Ottawa, Canada (July 1962). 

(5) BOOTH, A. H. The calculation of permissible levels of 
fallout in air and water and their use in assessing the 
significance of 1961 levels in Canada, RPD-21. Depart- 
ment of National Health and Welfare, Ottawa, Canada 
(August 1962). 

(6) VASQUEZ, M. and R. M. DE NULMAN. Estudios 
sobre la radioactividad ambiental en la Reptiblica Mexi- 
cana, 1963-1965. Comision Nacional de Energia Nuclear, 
Direccién General de Seguridad Radiologica (1966). 


Radiological Health Data and Reports 














SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 


here are such data as those obtained from human 
bone sampling, Alaskan surveillance, and en- 
vironmental monitoring around nuclear facilities. 





Environ mental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission receives 
from its contractors semiannual reports on the 
environmental levels of radioactivity in the 
vicinity of major AEC installations. The reports 
include data from routine monitoring programs 
where operations are of such a nature that plant 
environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 


in directives published in the AEC Manual.' 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Lawrence Radiation Laboratory, Neutron De- 
vices Department, Paducah Plant, and Ports- 
mouth Area Gaseous Diffusion Plant. 


| Title 10, Code of Federal Regulations, Part 20, “Stand- 
ards for Protection Against Radiation” contains essentially 
the standards published in Chapter 0524 of the AEC 
Manual. 





1. Lawrence Radiation Laboratory’ 
January-June 1969 


University of California 


Berkeley, Calif. 
Berkeley site 


The Berkeley site of the Lawrence Radiation 
Laboratory (LRL) is situated on the western slope 
of the range of hills running along the eastern side 
of San Francisco Bay. The laboratory area is 
largely separate from the main campus of the 
University, although there is some overlap (figure 
1). 

To the north and south of the laboratory area 
are residential areas of the cities of Berkeley and 
Oakland. The Berkeley campus of the University 
of California is on the west; to the east, are the 
Lawrence Hall of Science and the Space Sciences 
Laboratory, beyond them lies uninhabited water- 
shed land and the Tilden Regional Park. 

The most prevalent wind direction is westerly. 
During the summer months the afternoon sea 
breeze establishes a very pronounced prevailing 


2 Summarized from ‘Results of Environmental Radio- 
activity Sampling Program, January-June 1969’’ Lawrence 
Radiation Laboratory, Livermore and Berkeley, Calif. 
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Figure 1. Environmental sampling locations at the 
Berkeley Site, Lawrence Radiation Laboratory 
westerly wind direction. At other times, the direc- 
tion is less predictable. Annual rainfall is 23 inches, 
almost all of which falls between November 1 and 
May 1. The prevailing wind direction during pre- 

cipitation is southerly. 

The laboratory carries on a wide ranging pro- 
gram of general research in the fields of both 
physical and biological sciences. Facilities include 
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a number of large accelerators, and various phy- 
sics, chemistry, biology and medical research 
laboratories. 

The basic policy at LRL has long been to pre- 
vent, as far as possible, any release of radioactive 
material to the environment, no matter how small. 
No deliberate releases are sanctioned, except where 
no practical method for containment has yet been 
developed and quantities are small compared with 
standards established by the ICRP and AEC. 

The most sensitive measurements of releases 
are those taken closest to the source itself, before 
dilution makes detection of small quantities more 
difficult. The stack sampling program, therefore, 
provides the most useful information for control- 
ling releases to the atmosphere. Over 100 separate 
exhausts from hoods and glove-box manifolds are 
sampled. The total quantity released from these 
stacks during January-June 1969 was 64 4sCi 
of beta-particle emitters. No alpha radioactivity 
was detected. The average concentrations in the 
total exhaust, before any dilution by the at- 
mosphere, was 1 percent of the maximum permis- 
sible concentration for offsite breathing zone air, 
as given by the ICRP. 

In addition to the careful sampling of stacks, an 
environmental air sampling program is also car- 
ried on to make sure no undetected releases occur. 
These samples provide a direct measurement of 
possible exposure to the nearby population. The 
sampling stations designated “local area’ are 
scattered around the site and provide samples of 
the atmosphere on the site itself. The “perimeter” 
samples are taken at the boundary line of Univer- 
sity property in the direction of populated area. 
From the results of these samples, it is apparent 
that there has been no significant exposure from 
radioactive materials released by LRL. The levels 
of radioactivity observed in each type of sample 
are presented in table 1. 


Table 1. Atmospheric monitoring, LRL Berkeley Site 
January—June 1969 


Average concenrration 
(pCi/m*) 
Number 
Sampling locations of 
(number of locations) | samples | Alpha radioactivity | Beta radioactivity 


Average | Maximum | Average | Maxi- 
| mum 


Local area (10) 253 0.000 


0.62 
Perimeter (4) 100 .000 


<0.005 0.1 
1 -47 


4 | 
<.005 14 | 
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At each of these environmental stations rain 
or dry fallout is also collected. Open 15-inch dia- 
meter polyethylene bags form the collecting ves- 
sel. If no rain has fallen, the bags are rinsed out 
with dilute nitric acid. Results from these collec- 
tions show a lot of variation, without any con- 
sistent pattern. Since on the average, the more 
remote perimeter stations show about the same 
radioactivity as the nearer ones, it must be as- 
sumed that the radioactivity does not result from 
laboratory operations. The radioactivity levels in 
samples collected at each location are summari- 
rized in table 2. 


Table 2. Total deposition, LRL Berkeley Site 
January—June 1969 


Average concentration 
(pCi/m*) 


; ; Number 
Sampling locations of | 
(number of locations) | samples | Alpha radioactivity | Beta radioactivity 


Average | Maximum | Average | Maxi- 
| | 
| | } mum 
| | 


Local area (9) 5 0.03 | 0.08 | 9.57} 11.31 
Perimeter (4) 24 -06 .22 8.92 10.77 


All liquid waste known to be radioactive is 
collected, solidified, and shipped away. Other 
liquid wastes are discharged directly to the muni- 
cipal sewer system. Small quantities of radioiso- 
topes now and then are accidentally released to 
the sewer system. There are two outfalls, each of 
which is monitored by a continuous proportional 
sampling system to insure that no significant 
quantities have been discharged. The total con- 
centration (alpha-plus-beta radioactivity) in sew- 
age is only 16 percent of the standard for drinking 
water and therefore does not constitute an ex- 
posure threat. A sizeable fraction of the measured 
beta concentration is the naturally occurring 
isotope potassium-40 from human wastes and 
chemicals. 

The storm drainage from the laboratory flows 
into the surface stream system. These surface 
streams are exposed as they run through the Uni- 
versity property and are sampled at three places. 
Results are listed as “‘onsite streams” in table 3. 
Two nearby offsite streams are also sampled to 
provide a comparison. All concentrations are 
safely below the standard for drinking water. The 
results from the water sampling program are pre- 
sented in table 3. 

Neutron and gamma-ray fields are measured 
at each of the four perimeter stations as well as at 
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Table 3. Water monitoring, LRL Berkeley site 
January-June 1969 


Concentration 
(pCi /liter) 
Number 
Type and source of 


of sample samples | Alpha radioactivity | Beta radioactivity 


Average | Maximum | Average | Maxi- 
mum 


Surface water: 
Onsite streams 
Blackberry 
Lower Strawberry 
Upper Strawberry 
Summary 
Offsite streams: 
Claremont 
Wildeat 
Summary 


several locations within the site. Background 
measurements are obtained from a leased building 
used as a low-level counting room in downtown 
Berkeley. This building is remote from the main 
LRL site and measurements are not influenced 
by accelerator operations. 

At each station, gamma measurements are made 
by a recording G-M detector, standardized with a 
calibrated radium source. These instruments 
operate unattended and each can operate for 1 
week on its internal battery should external power 
fail. 


Table 4. Beta-gamma and fast neutron surveillance 
results, Berkeley site, January 1968—-June 1969 


Total fast neutron 
exposure* (mrem) 
(background subtracted) 


Total beta-gamma 
exposure (mrem) 
(background subtracted) | 
Station 


June 
1969 


} 
| 


38.89 
26.42 
b 
I | 55.67 
Shattuck Ave- | 
nue and 
Berkeley 
Way 


*2.45 X 107 n/em? = 1 rem 
» Background. 
¢ Detector not in service. 


Several neutron detectors are employed at each 
station. The primary detector is a BF; gas pro- 
portional counter in a 2 1/2 inch thick paraffin 
lined moderator. This detector is sensitive in the 
region from 0.1 to 20 MeV, where 75 percent of 
the biologically significant neutrons exist. A 
polyethylene-lined proton recoil neutron detector 
provides a measure of the energy flux density. The 
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ratio of energy flux density to neutron flux density 
gives the average neutron energy which allows 
conversion of the data to dose in rems. Cobalt 
disks in moderators are maintained as long term 
integrating neutron monitors at many sites 
throughout the laboratory as well as at each 
perimeter station. 

Cosmic ray intensity is continuously monitored 
by a meson detector with an effective angle of ac- 
ceptance of 2.3 steradians (in the upward direc- 
tion). This provides information on the back- 
ground neutron levels contributed by cosmic rays. 
Results are presented in table 4. 


Livermore site 


The Livermore site of LRL (figure 2) is located 
in the Livermore Valley midway between the 
Pacific coast and the San Joaquin Valley in 
northern California--approximately 50 miles south- 
east of San Francisco. Shielded from the ocean by 
the western hills, the Livermore Valley has a warm, 
dry climate. Annual rainfall is about 14 inches and 
the relative humidity is about 30 percent during 
the summer months and about 40-50 percent the 
remainder of the year. Prevailing winds are from 
the west, but inversions are frequent during the 
night. 
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Figure 2. Environmental sampling locations at the 
Livermore site, LRL 


Agriculture is the principle activity in the 
Livermore Valley. Roses, grain, hay, and grapes 
are the major products. Several cattle and sheep 
ranches surround the Livermore site. 





The Livermore site comprises an area of 1- 
square mile, approximately 3 miles east of the 
city of Livermore. Livermore and Pleasanton, with 
a combined population of 50,000 are populated 
areas of primary interest to the Livermore site. 

An environmental sampling program is main- 
tained to provide information regarding the ef- 
fectiveness of control measures and to determine 
whether any radiological changes in the environ- 
ment are the result of laboratory operations. The 
sampling program includes air particulates, soil, 
domestic water, sewer effluent, sewage plant 
products, milk, and vegetation. The milk samples 
are obtained from one dairy in the Livermore 
Valley and from another dairy near Site 300. Air 
and soil samples are collected to ascertain that 
control efforts are restricting the release of radio- 
activity from the laboratory to levels which do 
not exceed the permissible levels for the neighbor- 
hood around an atomic energy facility. The water 
samples are collected to ascertain that radio- 
activity is not entering the underground water 
supply which provides most of the domestic water 
for the cities of Livermore and Pleasanton and is 
the sole supply for ranches in the Livermore and 
Amador Valleys. Samples were taken at the Liver- 
more Sewage Disposal Plant to establish that 
liquid effluent from the laboratory is not con- 
tributing significant radioactivity to the dried 
sludge or liquid effluent produced. The dried 
sludge is used as an agricultural soil conditioner. 
Some liquid effluent released to the Las Positas 
Arroyo is used for irrigation of the golf course 
turf and some agricultural land. 

Air samples are collected continuously at 16 
sites within 5 miles of the laboratory. Samples are 
collected at a rate of 4 cfm on 100-square centi- 
meter HV-70 filter papers, which are changed 
after every 7 days of operation. A minimum decay 
period of 96 hours is observed before the samples 
are counted to eliminate the effect of natural 
radon and thoron daughters. At no time was 
any detectable alpha radioactivity observed on 
the air filters. The average airborne beta radio- 
activity of 0.06 pCi/m* is lower than the 0.1 pCi 
m’ reported for 1968 .The beta radioactivities were 
below the AEC radiation protection standard of 
1 pCi/m*. 

The measurement of low level “background” 
radiation during this period was accomplished 
with thermoluminescent dosimeters located at nine 
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points on the site perimeter and at three offsite 
locations. The limit of detection for these dosi- 
meters is 10 mR. The three offsite locations had 
dose recordings of 10 mR for the past 6-month 
period. At the nine locations in the controlled 
area, doses of 10 to 54 mR were recorded. 

Domestic water samples were collected monthly 
from nine nearby sources. No sample showed an 
alpha specific radioactivity above the limit of 
detection (5.0 pCi/liter). The beta radioactivity 
fluctuated from the limit of detection, 1.8 pCi 
liter to 31 pCi/liter. The average beta radio- 
activity concentration was 6.5 pCi/liter. The aver- 
age alpha and beta radioactivity concentrations 
were below the AEC standard of comparison of 
30 pCi/liter. 

The average tritium content was at or below 
the limit of detection (5 nCi/liter), which is well 
below the standard of comparison of 3 uCi/liter. 

Samples were collected daily at the laboratory 
sewer discharge. The average alpha radioactivity 
concentration in the sewer effluent ranged be- 
tween 8 and 19 pCi/liter while the monthly aver- 
age beta radioactivity varied between 146 and 
213 pCi/liter. The AEC standard is 400 pCi/liter. 
The average tritium content of the effluent was 
35 nCi/liter with a maximum of 950 nCi/liter. 
The AEC standard is 100 yuCi/liter. 

Samples of top layer soil are collected quarterly 
at the 19 sampling stations surrounding the Liver- 
more site. The alpha radioactivity of each sample 
was less than the limit of detection (1.5 pCi/g). 
The beta radioactivity fluctuated from the limit 
of detection, 3.5 pCi/g to 27 pCi/g, averaging 
6.8 pCi/g. The concentrations detected are within 
the normal range for soil in the Livermore Valley, 
as determined from surveillance during previous 
years. 

Average radioactivity levels in monthly milk 
samples amounted to 1.8 pCi/liter of cesium-137 
and <5 pCi/liter of cerium-141—144, for the two 
dairies. The average tritium concentration in milk 
was at or below the limit of detection (5 nCi/liter). 

Vegetation samples were collected during Janu- 
ary, March, and May of 1969. The radioactivity 
of 23 unwashed grass samples and six samples of 
eucalyptus leaves is presented in table 5. A portion 
of each sample was freeze dried and the water 
collected was analyzed for HTO. 

Continuous radioactive air sampling is main- 
tained on the effluent from stacks of operations 
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‘Table 5. Radioactivity in vegetation, LRL Livermore site 
January-June 1969 


Grass 


Average 


Beryllium-7 3.3 
Manganese—54 

Zirconium-95 

Ruthenium-—103, — 106 


Antimony-125 

Cesium-—137 . 
Cerium-141, -144 - 
Tritium ‘3.5 


* Concentration for tritium values are shown in nCi/liter. 


that are potential sources of radioactive material 
releases. These facilities include the hot cells, 
transuranic chemistry, plutonium metallurgy, 
critical assembly cells, and the reactor building. 

The effluent from these buildings passes through 
absolute filters prior to being exhausted to the 
atmosphere. The limit of sensitivity for the stack 
monitoring systems is generally 0.1 pCi/m# or less. 
Radioactive particulate material released did not 
exceed the limit of sensitivity. Gaseous radio- 
activity released from the reactor, light isotopes 
building and accelerator facilities was monitored. 
Considering atmospheric dispersion from the re- 
lease point to the site boundary, permissible offsite 
concentrations were not exceeded as a result of 
stack effluent during the past 6 months. 


Site 300 


The high explosive test area at Site 300 (figure 3) 
covers 10 square miles in the hills in a very sparsely 
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Figure 3. Sampling locations at Site 300, LRL 


April 1970 


Concentration 
(pCi/g dry weight) 


Eucalyptus leaves 


Maximum Average Maximum 


populated ranching area about 15 miles southeast 
of Livermore and 8 miles southwest of Tracy. 
The chief area of concern for Site 300 is Tracy. 
The population there is about 14,000. Air and 
water samples are taken to determine whether 
operations at Site 300 are changing the normal 
radioactivity levels in the vicinity. The eight air 
samplers at Site 300 are operated at about 50 cfm 
on a continuous basis with the filter papers being 
changed on regular schedule. Most of these air 
samplers are located within the boundaries of the 
test site due to unavailability of power facilities 
offsite. Water samples are taken from onsite wells 
because they are the only readily accessible sources 
of underground water. Streams in the area are 
sampled when they contain water. No sample 
showed an alpha radioactivity concentration above 
the limit of detection—5.0 pCi/liter. The beta 
concentration ranged from the limit of detection 
(1.8 pCi/liter) to 20 pCi/liter, averaging 6.0 pCi 
liter. The average tritium concentration was at or 
below the detectable level of 5 nCi/liter. 

Soil samples are collected quarterly at nine off- 
site locations. The alpha radioactivity of each 
sample was 1.5 pCi/g, the limit of detection. The 
beta radioactivity ranged from the limit of de- 
tection, 3.5 pCi/g to 27 pCi/g, with an average 
activity of 8.8 pCi/g. 

None of the average concentrations of air, water, 
and soil samples exceeded the standards of com- 
parison applicable to activities at the test site, 
nor did any of the results increase significantly 
compared to 1968 data. Therefore, it appears that 
radiological control measures at Site 300 were 
adequate and that no significant radioactivity was 
released to the environment near the site during 
this period. 





2. Neutron Devices Department’ 
January-June 1969 


General Electric Company 
St. Petersburg, Fla. 


The Neutron Devices Department (figure 4) is 
an electronic component production facility. The 
plant maintains an environmental monitoring pro- 
gram to measure the levels of radioactive environ- 
mental contamination associated with plant 
effluents. These measurements serve as an index 
of the effectiveness of the plant’s contamination 
control measures. Effluent radioactivity concen- 
trations and associated atmospheric and stream 
dilution factors indicate that offsite radioactivity 
concentrations encountered by the general popu- 
lation are substantially lower than the guides for 
continuous nonoccupational exposure established 
by AEC and documented in the “AEC Manual.” 


* Summarized from “Environmental Monitoring, January 
1 through June 30, 1969’’ General Electric Company, 
Neutron Devices Department, St. Petersburg, Fla. 


Sewer effluent monitoring 


A combined sewer effluent sample is obtained 
daily near the perimeter of the plant’s property. 
During the sampling period, eight of 283 samples 
analyzed showed detectable concentrations of trit- 
ium (>90 nCi/liter). The maximum concentration 
(1.58 ywCi/liter, detected on February 10, 1969) 
represented 53 percent of the continuous non- 
occupational exposure guide. Calculations based 
on radioactivity releases from the process waste 
system and the plant’s water discharges indicate 
that the tritium concentration in the combined 
sewer effluent for the first half of 1969 was less 
than 3.7 percent of the AEC radiation protection 
standard for continuous nonoccupational exposure. 


Surface water sampling 


Surface water samples are collected at monthly 
intervals at selected locations within 8 miles of 
the plant. The sampling areas are determined by 
interrelating the concentrations of radioactivity 
in exhaust stack effluent with meteorological data. 
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Figure 4. Location of the Neutron Devices Department 
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There were no indications of tritium (>90 nCi/ 
liter) in the 67 surface water samples analyzed 
during the sampling period. 


Milk sampling results 


Analyses of 12 raw milk samples, collected from 
one local dairy farm by the Pinellas County 
Health Department, revealed no detectable con- 
centrations (>90 nCi/liter) of tritium. 


Air sampling results 


No detectable amount of tritium gas (>20 
uCi/m*) was found in three samples of air ob- 
tained downwind from the exhaust stack at the 
perimeter of the plant property. No detectable 
amount of tritium oxide (>5.0 nCi/m*) was found 
in four samples of air obtained downwind from 
the exhaust stack at the perimeter of the plant 
property. 


Recent coverage in Radiological Health Data and Reports: 


Period 


January-June 1968 
July-December 1968 


3. Paducah Plant‘ 
January-June 1969 


Union Carbide Corporation 
Paducah, Ky. 


The Paducah Plant is a government-owned 
gaseous diffusion plant operated by the Nuclear 
Division of the Union Carbide Corporation for 
the Atomic Energy Commission. The diffusion 
plant processes large quantities of relatively pure 
uranium compounds. The uranium hexafluoride 
manufacturing plant, a former source of diffusion 
plant feed, was placed on standby in June of 1964. 
Parts of the associated uranium metal foundry, 
usually on standby, are operated infrequently as 
the need arises. A decontamination and uranium 
recovery facility operates to prepare equipment 
for repair and to recover impure or scrap uranium 
materials. Depleted uranium metal is fabricated 
into shields, weights, ballasts, or other shapes on 
a nonroutine basis. The major sources of external 
penetrating radiation are the daughter products of 
uranium, thorium-234 and protactinium-234, which 
may beconcentrated by uranium recovery processes 
or by uranium hexafluoride vaporization. The ele- 
ment uranium can be a physiological hazard only 
if allowed to enter the body. The chemical toxicity 
of the uranium processed at the Paducah Plant 
overshadows any probable biological effects of 


4Summarized from ‘Environmental Concentrations of 
Radioactive Materials Near the Paducah Plant—Report 
for the First Half of 1969.”’ 


April 1970 


Issue 
December 1969 
January 1970 


radiation from this element, thus making it com- 
parable as a physiological hazard to lead, mercury, 
or other well-known heavy metals. 

Because of the necessity for health protection 
in process areas, the high intrinsic value of 
uranium, and the desire to maintain a wholesome 
relationship with neighboring communities and 
individuals, the Paducah Plant provides confine- 
ment and recovery systems at the plant. The 
environmental monitoring program provides for 
continuous air sampling at the four stations 
around the plant perimeter fence and at five sta- 
tions located approximately 1 mile outside this 
fence (figure 5). Big Bayou Creek water is sampled 
continuously, and grab samples are collected at 
five locations in the Ohio River. In addition, 
gamma radiation readings are taken each month 
at each of the air sampling stations with a Geiger- 
Mueller type meter at a distance of 3 feet above 
ground level. 


Basic standards 


The radiation protection standards observed at 
the Paducah Plant for exposure to radiation and 
radioactive materials, both for the in-plant work 
environment of employees and for offsite exposure 
of the general population, are those contained in 
Appendix 0524 of the AEC manual. 

The standards specify that the radiation or 
radioactive materials outside a controlled area, 
and which have resulted from operations within 
that controlled area, shall be such that it is im- 
probable that any individual may receive a dose 
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Figure 5. Sampling locations, Paducah Gaseous Diffusion Plant 


of external radiation greater than 0.5 rem in any 
year and that the average exposure of a suitable 
population sample may not exceed one-third of 
this dose. To meet this standard, the average 


concentration of radionuclides in air or water be- 
yond a controlled area should not exceed one-tenth 
of the maximum permitted for occupational ex- 
posure of 168 hours per week. For the purposes 
of such control, the concentrations of such radio- 
nuclides in air or water may be averaged over 
periods of time up to 1 year. 


Table 6. Uranium concentrations in outdoor air 
samples, Paducah Plant, January-June 1969 


Uranium alpha radioactivity" 
Number (pCi/m*) 
Sample location# of 
samples 
Maximum | Minimums‘; Mean! 


\t plant perimeter fence: 
North 
Kast 
South 


West 
Total 


About 1 mile outside plant 
perimeter fence: 
North 
East 
South 
West 


Southeast 


Total 


a See figure 5. 

» As defined in NBS Handbook 69, paragraph 3.2, a microcurie of recently 
extracted normal uranium corresponds to 7.57 by 104 alpha dis/sec. 

oatoe minimum detectable concentration of uranium in air is 0.02 
pCi/m’*. 


“ The AEC standard for natural uranium in air released to the environs 


beyond a controlled area is 2 pCi/m*. 
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Discussion 


Data summarizing the environmental concen- 
trations of radioactive materials in air and water 
and the gamma radiation levels in the vicinity of 
the Paducah Gaseous Diffusion Plant are pre- 
sented in tables 6 through 10. 


Table 7. Beta radioactivity in outdoor air samples 
Paducah Plant, January-June 1969 


Beta radioactivity 
Number (pCi/m*) 
Sample locations of 
samples | 
Maximum | Minimum’! Mean‘ 


At plant perimeter fence: 
North 
Kast 
South 
West 


Total 


About 1 mile outside plant 

perimeter fence: 

North 

Kast 

South 

West 

Southeast 
Total 

« See figure 5. 

+The minimum detectable amount of beta-particle emitters in air is 
0.1 pCi/m*. 

¢ The AEC standard, applicable to this table is 1  10* pCi/m*, which is 
the concentration limit of thorium-—234, the daughter product of uranium 


238. Insignificant amounts of other daughters are present in freshly refined 
uranium. 


Air samples were collected continuously at each 
of the four stations at the plant perimeter fence 
and at five stations about 1 mile outside the plant. 
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Table 8. Concentrations of uranium in water 
Paducah Plant, January-June 1969 


Uranium" 
Number (pCi/liter) 
Sample location oO 
samples 


Maximum | Minimums! Mean 


Big Bayou Creek 3 26 20 <1 
Ohio River 9 . 5 1 <1 
Composite of 50, 51, 52, 

and 53 5 <1 <1 


® See figure 5. 

» As defined in NBS Handbook 69, paragraph 3.2, a microcurie of 
recently extracted normal uranium corresponds to 7.57 X 104 dis/sec. 

¢ The minimum detectable uranium in water is 1 pCi/liter. 

«The AEC standard for natural uranium in water beyond a controlled 
ureais2 X 104 pCi/liter. 


Table 9. Concentration of beta-particle emitters in 
water, Paducah Plant, January-June 1969 


Beta-particle emitters 


Number (pCi/liter) 


Sample locations* of 
samples 
Maximum | Minimum! 


Big Bayou Creek 3 12,000 <100 
Ohio River 9 ; 5 200 <100 
Composite of 50, 51, 52, 

and 53 ‘ <100 <100 


« See figure 5. 

» The minimum detectable amount of beta-particle emitters in water is 
100 pCi/liter. 

¢ The AEC standard for the immediate daughter products of uranium in 
water released to the environs is 2 X 10‘ pCi/liter. An increase in beta 
activity in water, occurring during February and March, was determined to 
be due to Tec from the recovery operation of cylinder-wash solutions. The 
= standard for *’Tc¢ in water beyond a controlled area is 2 X 105 pCi 
iter. 


Air is filtered at 0.3 cfm through 2-inch diameter 
membrane filters which are replaced weekly and 
counted for alpha and beta radioactivity. 

The average alpha-particle count—interpreted 
as uranium, the most likely source of radio- 
activity—of the 104 and the 130 air samples 
collected during the first half of 1969 at the 
perimeter fence and 1 mile, respectively, were 1.5 
percent and less than 1 percent of the AEC 
standard set for individuals residing in the vicinity 
of a controlled area. The average beta-particle 
count of these samples was 0.11 percent of the 
standard at the perimeter fence and 0.03 percent 
of the standard at 1 mile. 


April 1970 


Table 10. External gamma radiation levels, 
January-June 1969 





Sample locations Gamma radiation 


(mR /h) 


Number of readings 


At plant perimeter fence 
North 
East 
South 
West 


Total 


About 1 mile outside plant 
perimeter fence 
North 
Kast 
South 
West 
Southeast 
Total 


' See figure 5. 
» Near uranium hexafluoride cylinder storage arca. 


The average uranium analyses of weekly water 
samples collected continuously from the Big Bayou 
Creek during January-June 1969 was 0.03 percent 
of the AEC standard for water beyond a controlled 
area. The results of the uranium analyses for each 
of the 5 grab samples collected at monthly inter- 
vals from the Ohio River below the plant were 
less than 0.01 percent of the AEC standard. 

The concentration of beta-particle emitters in 
the Big Bayou Creek averaged 4.5 percent of the 
AEC standard for the decay products of uranium- 
238. The beta radioactivity of the Ohio River was 
less than 0.5 percent of the standard for uranium- 
238 decay products. 

External gamma radiation in the vicinity of 
the Paducah Plant averaged 0.02 mR/h at all 
sampling stations for January-June 1969, except 
for the east plant perimeter station which had an 
average of 0.04 mR/h. 


Recent coverage in Health 
Reports: 
Period 


January~December 1968 
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4. Portsmouth Area Gaseous Diffusion Plant° 
January-June 1969 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using toxic 
solvents and extraction solutions. Natural uranium 
and thorium-234 are the most likely radionuclides 
to be released to the environment by the Ports- 
mouth Area Gaseous Diffusion Plant. To verify 
the effectiveness of plant controls, environmental 
monitoring is conducted for evidence of alpha- 
particle, beta-particle, and gamma-ray emitters. 

Air samples are generally collected monthly at 
21 sites located from 1 to 6 miles from the plant 
as shown in figure 6. Monthly water samples are 
collected at 13 stations within 5 miles of the plant. 

For January-June 1969, the waterborne alpha 
and beta-gamma radioactivity decreased over the 
calendar year 1968. The airborne alpha and beta- 
gamma remained essentially unchanged. 

Penetrating background dose rates for the first 
half of 1969 were considerably lower when com- 
pared with the calendar year 1968 values. In the 
calculations, it is assumed that all of the dose 
rates are attributable to plant operations. As in 


5 Data summarized from B. Kalman and S. H. Hulett, 
“Environmental Radiation Levels and Concentrations, 
First Half 1969’’ (August 27, 1969). 
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Figure 6. Sampling locations, Portsmouth Area Gaseous 
Diffusion Plant 


the past, the offsite and onsite patterns are very 
much alike in form and intensity with no signifi- 
cant differences between the average values. From 
the onsite and offsite intensities, it is evident that 
the plant operations have not added appreciably 
to the general background radiation. 

Average alpha and beta-gamma radioactivity 
concentrations in air and water are summarized 
in table 11. The external beta-gamma radiation 


Table 11. Environmental radioactivity, Portsmouth Plant 
January-June 1969 


Number 


Type of monitoring of 
samples 


Air: ; F 
Alpha radioactivity, (pCi/m*) 126 
Beta-gamma radioactivity, (pCi/m*) 126 


Water: 
Alpha radioactivity, (pCi/liter) 
Beta-gamma radioactivity, (pCi/liter) 
Background exposure’ (mrem/h) 1: 


Maximum 


Average 
as a percent 
standard* 


Minimum Average 


* The applicable radiation protection standards are as follows: 


Air (alpha radioactivity) 

\ir (beta-gamma radioactivity) 
Water (alpha radioactivity) 

external (beta-gamma radioactivity) 


2 pCi/m' 

1 nCi/m* 

20 nCi/liter 

0.5 rem/a (approx. 0.6 mrad /h) 


» Measurements were made with an open-shield Geiger-Mueller 1 foot above ground. The 3-foot rate (not shown) 
was experimentally determined to average two-thirds of the 1-foot rate and was used to determine the percent of 


the concentration standard. 
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levels, measured at the air sampling locations 
shown in figure 6, are also summarized in table 11. 
The overall average concentrations and back- 
ground exposure rates for 1968 and January—June 
1969 are presented in table 12 as percent of 
standards. 


Recent coverage in Radiological Health Data and Reports: 
Period Issue 
January-June 1968 January 1969 
July—December 1968 November 1969 


Table 12. Comparison of average concentrations 
Portsmouth, 1968-1969 





Percent of AEC standard* 


Type of monitoring January July Calendar | January 
June December year June 


1968 1968 1968 1969 


Air 
Alpha radioactivity 
Beta-gamma radio- 


Alpha radioactivity 
Beta-gamma radio- 
activity 
Background exposure 
extrapolated to 3 feet 
above ground level 


« See footnote (“) of table 11. 


Reported Nuclear Detonations, March 1970 


(Includes seismic signals from foreign test areas) 


During March 1970, five United States nuclear 
tests at the Nevada Test Site were announced by 
the Atomic Energy Commission. Two low yield 
tests (less than 20 kilotons TNT equivalent) were 
conducted underground on March 6 and one test 
on March 19, 1970. A nuclear test in the low- 
intermediate yield range (20 to 200 kilotons of 
TNT equivalent) was conducted March 23, 1970. 


April 1970 


An underground nuclear test with an estimated 
yield of more than a megaton was conducted 
March 26, 1970, in the Pahute Mesa area of the 
Atomic Energy Commission’s Nevada Test Site 
at 11 a.m., P.s.t. The test, assigned the name of 
Handley, was approximately the same size as the 
Boxcar and Benham tests in 1968, the largest 
tests previously conducted at the test site. 








SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
then for their files. 


AN INVESTIGATION OF X RADIATION FROM COLOR TELEVISION 
RECEIVERS IN SUFFOLK COUNTY, NEW YORK. Seymour Becker. 
Radiological Health Data and Reports, Vol. 11, April 1970, pp. 179-182. 


The results of an investigation of color television receivers at the homes of 
6,482 residents in Suffolk County, who requested a radiation inspection after 
publication of the proposed study in the newspapers, is presented. 

The survey consisted of two parts: 

1. an investigation of only General Electric color television sets from July 
1967 through August 1967; and 

2. a radiation inspection of General Electric and 39 other types of television 
receiver requested by owners from January 1968 to December 1969. 

X-radiation emissions were detected in 37 of the 40 name brands of color televi- 
sion sets checked. Over 1,000 (16.2 percent) color television sets emitted x radia- 
tion above the NCRP recommended guides. The x-ray emissions ranged above 
0.5 mR/h to 150 mR/h at 5 cm from the television set. 

X-radiation emissions were reduced to the natural background of the home 
by adequate modification and adjustment of the television components. 


KEYWORDS: Color television receivers, county, New York State, survey, 
x radiation 


STRONTIUM-90 IN HUMAN BONES IN THE UNITED STATES, 1962 
1966. E. J. Baratta, E. S. Ferri, and M. A. Wall. Radiological Health Data and 
Reports, Vol. 11 April 1970, pp. 183-186. 


The Bureau of Radiological Health has been conducting a continuous in- 
vestigation of strontium —90 in human bones since late 1961. Autopsy specimens, 
mostly vertebrae, are collected by pathologists, medical examiners, and 
coroners in selected areas throughout the United States. The population of 
interest consists of children and young adults up to 25 years of age. Samples 
were collected from areas around six principal cities: Atlanta, Boston, Cincin- 
nati, Los Angeles, New Orleans, and Seattle. 

From 1962 through 1966, over 1,600 specimens have been analyzed. The 
specimens are grouped and analyzed according to age and area of residence. A 
review of the data shows that peak strontium-—90 levels occurred in most age 
groups during the years 1963 and 1964. Decreasing values are shown in analyses 
for 1966 approaching those of 1962. A histogram of the frequency distribution 
for 1966 displays a slightly positive skewness which, when plotted, indicates a 
log normal distribution consistent with earlier observations on biological 
specimens. 


KEYWORDS: Bone, human, strontium-90, United States 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed +reports and notes should contain data and 


interpretations. All accepted 


manuscripts are subject 


to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Managing 
Editor, Radiological Health Data and Reports, Bureau of 
Radiological Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should Fe sees on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findi that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of aged keywords (descriptors) which are 
a ge are indexing terms should be given following 
e abstra 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and caleulations will be clear to the readers. 
Errors associated with analyti measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 
cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 157Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; e.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last p numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 
Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 


of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 








U.S. DEPARTMENT OF 


HEALTH, EDUCATION, AND WELFARE 
POSTAGE AND FEES PAID 


PUBLIC HEALTH SERVICE 
U.S. DEPARTMENT OF H.E.W. 


WASHINGTON, D.C. 20201 


OFFICIAL BUSINESS 





If you do not desire to continue receiving this publication, please CHECK HERE [1]; 
tear off this label and return it to the above address. Your name will then be 


promptly removed from the appropriate mailing list. 














